In a comprehensive survey of the carbohydrate accumulation profiles of more than 70 strains of cyanobacteria three organic osmotica (glucosylglycerol, sucrose and trehalose) have been identified in both freshwater and marine isolates under conditions of osmotic stress. While the trend was towards glucosylglycerol accumulation in marine strains and sucrose accumulation in freshwater forms, there were no absolute differences between cyanobacteria isolated from each habitat. There was also no clear link between genus and the type of carbohydrate accumulated.
INTRODUCTION
Cyanobacteria (blue-green algae) are world-wide in distribution, occurring in saline and nonsaline habitats of diverse ionic composition (Fogg et al., 1973; Golubic, 1980) . The division of these organisms into marine and freshwater forms has been frequently regarded as a useful means of distinguishing between taxa (Rippka et al., 1979; Stam & Holleman, 1979) . However, more emphasis is now being placed on the importance of various metabolic features as taxonomic markers in cyanobacteria. Recently it has been suggested that soluble organic compounds, accumulated as internal osmotica in response to salinity stress, may provide a major biochemical character which distinguishes marine (Mackay et al., 1983) and freshwater (Blumwald et al., 1983) forms. Thus glucosylglycerol has been considered to be 'unique' to. marine cyanobacteria (Mackay et al., 1983) while sucrose has been reported to accumulate in response to osmotic stress in freshwater cyanobacteria (Blumwald et al., 1983) . Recently we demonstrated that the unicellular cyanobacterium Synechocystis sp. PCC 6803 (ATCC 27 184), which was originally isolated from a freshwater habitat, was capable of growth both in freshwater and marine media and that, in response to osmotic stress, it produced glucosylglycerol as an internal osmoticum (Richardson et al., 1983 ). Subsequently we have examined over 70 strains of cyanobacteria to see whether any distinctions between the types of low molecular weight carbohydrates which are employed as osmotica in cyanobacteria isolated from marine and freshwater habitats could be identified.
METHODS
Cyanobacterial strains were obtained from the sources shown in Table 1 ; freshwdter isolates were maintained in BG 1 1 medium (Rippka et al., 1979) while marine strains were maintained in BG 1 1 medium + 3.5% (w/v) sea salt (Gerrard Biological Centre, W. Sussex, UK). Carbohydrate accumulation profiles were obtained for marine cells exposed to salinities in the range 0.5-5-00; (w/v) sea salt; freshwater isolates were exposed to NaCl at concentrations up to 250 KIM, to determine whether soluble carbohydrate levels varied with osmotic stress.
Low molecular weight, ethanol soluble carbohydrates were assayed following extraction in boiling 80% ethanol, followed by overnight extraction in 80'2 ethanol at 20°C. Samples were then dried using a rotary evaporator and stored in a vacuum desiccator for 24-48 h prior to analysis. Trimethyl silyl derivatives were prepared in pyridine (Reed eta/., 1980) ; samples were analysed using a Varian 3700 gas chromatograph fitted with a 2 m column containing 2% SE52 on a diatomite support (Holligan & Drew, 1971) . Chromatograms were recorded and quantified using a Hewlett Packard HP3390A integrator. 
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* Freshwater isolates include cyanobacteria derived from soil samples, isolated and grown in freshwater-based media ; marine strains (including strains from brackish habitats, isolated in saline media) were grown in seawater-based media. 
R . H . REED A N D OTHERS RESULTS A N D DISCUSSION
All cultures grown in freshwater-based medium (BG 1 l), including isolates which were originally derived from saline environments, had low intracellular soluble carbohydrate levels [usually 1-15 mmol (kg dry wt)-'1 while seawater-grown cells all contained in excess of 100 mmol (kg dry wt)-l . Both marine and freshwattr isolates produced either glucosylglycerol (a nine-carbon heteroside ; Kollman et al., 1979) which is structurally analogous to floridoside (galactosylglycerol) in the Rhodophyta (red algae), sucrose or trehalose (Table 1) accumulated sucrose in response to NaCl treatment, 18 % accumulated trehalose and 6% accumulated glucosylglycerol. Thus, the trend is towards glucosylglycerol accumulation in marine isolates (as noted by Mackay et al., 1983) and sucrose accumulation in freshwater isolates in response to osmotic stress but there is no absolute correlation of taxonomic or ecological value. For example, three freshwater isolates accumulated glucosylglycerol while various marine isolates with an absolute requirement for Na+ (Batterton & Van Baalen, 1971 ) accumulated sucrose or trehalose, among which was the marine sucrose-accumulating Anubaena sp. CA which has a high Na+ requirement for sustained growth (Stacey et al., 1977) . Overall, the data suggest that it would be unwise to redefine and reclassify cyanobacteria solely on the basis of their carbohydrate accumulation profiles since there is no absolute relationship between either habitat or genus and the type of internal osmoticum accumulated in response to salt stress. Thus carbohydrate accumulation profiles appear to offer less to the cyanobacterial taxonomist than to his phycological counterparts (e.g. Kremer, 1980) .
